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MAT I QNAL AERONAUT I CS AND SPACE ADM D W l STRAT f ON 
t 

F i  nai  Progress Report 

MCL 33-001 -001 

M a r c h l ,  1963 t o  August 31, 1970 

SUMMARY OF PROGRESS 

Since the incept ion of the grant i n  1963, twenty research 

p ro jec ts  i n  the departments o f  Biology, Chemistry and Physics 

have received support. The i ndividua 1 research p ro jec ts  are 

l i s t e d  i n  t h i s  report .  A t o t a l  of  twenty- f ive  students, 

twelve undergraduate, n ine Ph.0. and four M.S. leve l  students 

have received some support under the grant .  A t o t a l  o f  

twenty-four pub l i ca t ions  has resu l ted  from the research under 

the grant.  The grant  was administered by a committee w i t h  

one representat ive from each of  the three major departments 

involved, w i t h  the p r i n c i p a l  i nves t iga to r  ac t i ng  as adminis- 

t r a t o r  w i t h  the assistance o f  sec re ta r i a l  services provided 

under the grant.  I n  general, three o r  four major pro jec ts ,  

and an equal number o f  minor ( i n  terms o f  grant  support) 

p ro jec ts  were supported a t  any given time. I n  addi t ion,  

techn ica l  support f a c i l i t i e s  were a l so  ass is ted  w i t h  grant  

funds. The grant enabled the sc ient  i f i c  research programs 

a t  Adelphi Un ive rs i t y  t o  improve considerably. 

For a summary o f  major technical  progress accompl ished 

under the grant, r e f e r  t o  the reports of Bettelheim, Genberg, 

G i l l esp ie ,  Dooher, Lemos, Moon, Morrone and Eajac On the 

i nd i v i dua l  repor ts  t h a t  follow, 

Edward A.  Burke 
Brfncfpal DnvestBgatsr 



TITLE: Physical Chemical Proper t ies  o f  New S i l i c o n  Compounds 

PRINCIPAL INVESTIGATOR:  F .  A. Be t te lhe im 
Department o f  Chemistry 

D E S C R I P T I O N :  

During the l a s t  5 years a number o f  new s i l i c o n e  polymers 

were synthesized i n  my labo ra to ry  w i t h  the  d e f i n i t e  purpose 

o f  achiev ing thermal 1 y  s t a b l e  ( low and h i g h  temperature 

range) and mechanical l y  s u i  t a b i e  (desi  red range o f  e l a s t i c ,  

s torage and loss modu l i )  group o f  polymers. 

The summary o f  t h e  work can be d i v i d e d  i n t o  th ree  groups 

o f  compounds : 

A )  Polys i loxane -s -  t r i a z i n y l  e thers  

The t r i a z i n y l  e thers were prepared by a number o f  tech-  

niques. The bes t  r e s u l t s  were obta ined when the  s i l oxane  " d i o l s  were d i sso l ved  i n  dimethylformamide and s t o ~ c h i m e t r i c a l l y  7 
v a r i a b l e  q u a n t i t i e s  o f  cyanur ic  c h l o r i d e  d i sso l ved  i n  dioxane I 

was added. Base c a t a l y s t ,  ma in ly  KOH was added e i t h e r  i n  the  

s o l i d  form o r  i n  water.  This served a l s o  the  purpose t o  . -.---- ---- 
/ I  

n e u t r a l i z e  one o f  t h e  r e a c t i o n  products,  HC1. Small q u a n t i t i e s  - ,/ 

o f  d ime thy l su l fox ide  were used as promoter, J 

I n  p repar ing  the rma l l y  s t a b l e  new s i l i c o n e  polymers, the 

e f f e c t  o f  the  i n c o r p o r a t i o n  o f  a t r i a z i n e  r i n g  i n  the  s i toxane 

chains were i nves t i ga ted ,  To t h a t  ef fec t  po lys i l oxane  chains 



I 

were polymerized w i t h  base c a t a l y s i s .  ~ i m e t h ~ l - ( M ) ,  d i p h e n ~ l - ( $ 1 ,  

b i s  (p-ch lorophenyl )  - (CP) and b i s  (3,4-dichl~rophen~l-(DCP) 

s  i loxanes were prepared as repor ted  before.  cop01 ymer $ i loxaoe -- 

chains o f  M-P, M-CP, M-DCP, P-Cp, P-DCP and CP-DCP were prepared 
- ' .--- - 

i n  l:2, 1:l and 2:l r a t i o s  a l s o  by base c a t a l y s i s .  S i m i l a r l y  

b lock  copol ymers o f  the same were prepared. Elementary 

ana lys i s  and i n f r a - r e d  spectroscopy were used t o  conf i rm t h e  

composi t ion o f  t he  products.  On the  average, a  degree o f  

po l ymer i za t i on  8-10 was achieved i n  the f i n a l  products which 

v a r i e d  i n  consis tency from o i l y  (me thy l s i l i cone )  t o  resinous 

and s o l i d  as the  p r o p o r t i o n  o f  P, CP and DCP increased. 

Espec ia l l y  copolymers and b l o c k  copolymers o f  CP and DCP 

w i t h  M and P y i e l d e d  products which s e t t l e d  i n t o  two phases; 

(a)  an i n s o l u b l e  s o l i d ,  and (b) s o l u b l e  res in .  On the bas is  

o f  ana lys i s  and i n f r a r e d  spect ra,  one cou ld  i d e n t i f y  t he  

i n s o l u b l e  s o l i d s  as con ta in ing  predominant ly CP and DCP 

monomers and probably  c ross l i nked  a f t e r  a  c e r t a i n  amount 

o f  cleavage o f  t he  s i l i conpheny l  bond. The s o l u b l e  r e s i n  

conta ined a l s o  CP and DCP b u i l d i n g  blocks b u t  i n  lesser  

q u a n t i t i e s  than t h e  o r i g i n a l  r e a c t i o n  mix tu re ,  

The t r i a z i n y l  e ther  fo rmat ion  occurred bes t  w i t h  DCP 

d i o l s  and i n  decreasing order  w i t h  CP, P and M. d i o l s .  Under 

c e r t a i n  cond i t i ons  (aqueous ethanol  w i t h  NaOH and to luene 

so l ven ts ) ,  the  d i o l  o f  a  d imethy ls i loxane reac ted  w i t h  

cyanur ic  c h l o r i d e  t o  g i v e  a  water s o l u b l e  compound o f  low 

molecular  weight i n  which apparent ly  a quaternary ammonium 

s a l t  was formed r a t h e r  than the  t r i a z i n y l  e the r .  The success 

o f  t h e  e the r  format i o n  was apparent ly  determined by the 

i n d u c t i v e  e f f e c t  o f  the  s i d e  cha in  o f  t he  s i loxanes,  Hence, 

i n  forming the  the rma l l y  s t a b l e  and i n s o l u b l e  t r i a z i n y l  

e thers  w i t h  the d i f f e r e n t  copolymers and b l o c k  copolymers 

enumerated above, we made a  p r a c t i c e  t o  r e a c t  t he  cyanur ic  

c h l o r i d e  w i t h  3 equimoiar P, CP sr DCP dBoSs f i r s t  a t  moderated 

temperatures up t o  80'~ for 5-10 minutes and then adding t h e  



prepared copolymers and b lock  copolymers i n  the  des i red  pro-  

p o r t i o n ,  Ch lor ine  ana lys i s  o f  the  f i n a l  product i nd i ca ted  

t h a t  i n  no case d i d  we achieve 100% condensat ions and under 

"Lhe t e s t  cond i t ions  about 15% o f  the  c h l o r i n e  i n  the  cyanur ic  

c h l o r i d e  remained unreacted. The replacement o f  c h l o r i n e  on 

t h e  s - t r i a z i n e  nucleus has been found t o  occur i n  stepwise 

fash ion  be i  ng b o t h  temperature dependent and i n f  luericed by 

t h e  na tu re  o f  t he  s u b s t i t u e n t .  Our experiments i nd i ca ted  

t h a t  t he  DCP was the  bes t  s u b s t i t u e n t  f o r  the  replacement 

o f  c h l o r i n e  bu t  a t  t he  same t ime ex tens ive  phenyl cleavage 

occu r red. 

The s t r u c t u r e  o f  the  new compounds syn t  hes i zed were 

s t u d i e d  by elementary and convent ia l  chemical group analyses; 

i n f r a - r e d  spectroscopy and NMR spectroscopy, The thermal 

p r o p e r t i e s  have been measured by thermgrav imetr ic  ana lys i s  

and t h e  s o l i d  s t a t e  s t r u c t u r e  have been s t u d i e d  by X-ray 

d i f f r a c t i o n .  

B) Poly (-s-triazine-R-siloxane) where R can be 
methyl ,  pheny1,-chlorophenyl and di .chlorophe~y1, 

I n  our  f i r s t  a t tempt  the  R1 and R2 groups were -CH3 

groups bu t  other  polymerizatfa~:reaceions were done w i t h  



and 

R2 
= E t O -  o r  MeO- 

The basic premise of t h i s  react ion i s  the formation o f  

the Gringnard reagent o f  C N C1  i n  the presence o f  dimethyl-  3 3  3 
chlorosi lane,  The formation o f  the d i -Gr ignard i s  more l i k e l y  

than the formation o f  the t r i -Gr ignard ;  therefore,  the d i -  

subs t i tu ted  species should be more predominant, The I .R .  

spectra o f  the product indicates the presence o f  the t r i a z i n e  

r ing ,  S i - C H  and Si-H. The U.V. a l so  shows the presence o f  
3 

the  t r i a z i n e  r i n g  i n  the product, The emission spectra 

d e f i n i t e l y  proves the presence o f  S i ,  but i t  a lso  shows the 

presence o f  Mg. 

M ~ c J / ~ ~ \  
THF + c  C Coup 1 i ng 

products. 

This i s  a  f i r s t  s ince Grignards o f  cyanuric ch lo r i de  ( I V )  

have not been i so la ted  as yet.  We have succeeded i n  making 

t h i s  compound; and f u r t he r  s tudies have been conducted t o  

p u r i  f y  i t  from the by-products, such as coup1 ing products 

o f  the t r i a z i n e  r i n g  i t s e l f .  

The next step i n  our synthesis o f  new thermal ly  s tab le  

polymers i s  the formation o f  the s i l a n o l .  This i s  accom- 

p  1 i s  hed by react  i ng the produce o f  Reaction 2 w i  t h  peroxy- 

benzoic a c i d  forming: 



The f i n a l  s tep  i n  t h e  fo rmat ion  o f  p o l y  ( h e x a m e t h y l - s i l t r i a z y l -  

s i l o x a n e )  i s  the  po lymer i za t i on  o f  t h e  s l l a n o l  V which i s  

accompl ished i n  t h e  f o l l o w i n g  ways: 

1. r e f l u x i n g  i n  an i n e r t  so l ven t  
2. r e f l u x i n g  i n  an i n e r t  so l ven t  w i t h  a  c a t a l y s t ,  

The f i n a l  product i s  a  c ross l i nked  polymer o f  h i g h  

thermal p roper t i es ,  

A comparative s tudy o f  t he  thermal and mechanical 

p r o p e r t i e s  o f  our p o l y ( s - t r i a z i n e  methyl s i l oxane)  vs s i l oxane  

copolymers have been conducted. The T.G.A. and DTA techniques 

b o t h  i n d i c a t e  much g r e a t e r  thermal s t a b i l i t y  o f  t h e  p o l y  

( s - t r i a z i n e  methyl s i  loxane) than the  s i  loxane copolymers. 

The mechanical p r o p e r t i e s  o f  t h e  p o l y - s - t r i a z i n e  methyl 

s i l o x a n e  polymers g ives d i s p e r s i o n  and absorp t ion  curves 

s im i  l a r  t o  amorphous type  polymers. The most remarkable 

d i s p e r s i o n  i s  seen i n  t h e  reg ion  of  t he  g lass t r a n s i t i o n .  
I 

The storage modulus E f a l l s  from t h e  g lassy  s t a t e  t o  t h e  

s o f t  rubber and a  sharp l a r g e  absorp t ion  appears. This  

abso rp t i on  mechanism i s  due t o  t h e  i n i t i a t i o n  o f  t he  m ic ro  

Brownian mot ion o f  t he  modular chains from the  frozen s t a t e .  I 

C) The t h i r d  group o f  new s i l i c o n e  polymers i s  g i ven  I 

i n  r e a c t i o n  3. % i 



This reac t ion  leads t o  the formation o f  the monomer, 
/ 

Phis monomer can be hydrolyzed and polymerized s i m i l a r  t o  thetp- -- ,' 
chloros i lanes. Therefore, we can homopolymerize V I  o r  Copol ymerz / 

,' 
i z e  V l  w i t h  other  s i l i cons .  R i s  c y c l i c  and aromatic; R h n d  

R1$ are  CH phenyl and chiorophenyl. 3' i 

The character iza t ion enta i  1s : (1) L ight  sca t t e r i ng  

f o r  molecular weight and RG; (2) Osmotic pressure - number 

average molecular weight, and dependence o f  the second 

v i r i a l  c o e f f i c i e n t  on solvent and --- .  temperature; - (3) Thermal 

proper t ies  - TGA, DTA, D Mechanical re laxa t ion  using 

the Vibron. 

0) A f o u r t h  p ro jec t  o f  s tudying organized superstructures 

i n  gels o f  polymers by l i g h t  sca t t e r i ng  has been successfu l ly  

completed. 

PUBL I CAT IONS : 

1. F. A. Bettelheim, W, Wood and R. DIAmelia, Proc. I n t e r n a t l .  
Symp. on Macromolecular Chem., Tokyo, ll, 82, (1966). 

2. F. A. Bettelheim and R. DIAmelia, J. Polymer Sci. C a, 
409, (1968). 

3. F. A. Bettelheim, J. Polymer Sci ., A2, 5, 1043, (1967). 

.-4-5. R. DIAmelia and F. A. Bettelheim, Submitted t o  the 
J. o f  Polymer Sci. 

STUDENT SUPPORT : 

Mr .  D1Ame1ia was supported by the M u l t i d i s c i p l i n a r y  grant  
throughout h i s  graduate studies. He has received a M. S. 
degree i n  1967 and he w i l l  receive h i s  Ph.D, degree i n  l97 l .  



TITLE: Analysis of B io log ica l  and Ecological  Systems i n  
Non-equi l ibrated Environments, 

PWfMClPAL INVESTIGATOR: Harry Brenowltz and Ronald Wilson 
Department o f  Biology 

DESCRIPTION:  

Diurnal ,  seasonal and year ly  va r i a t i ons  o f  temperature, 

s a l i n i t y ,  pH, dissolved oxygen, and changes i n  the numbers, 
kinds and a c t i v i t i e s  of indigent  and t r a n s i t  populat ions o f  

pr imary producers and primary consumers i n  Great South Bay 
were begun i n  the spr ing o f  1963. 

The 1964 data c l e a r l y  ind icated lower p r o d u c t i v i t y  when 

compared w i t h  the 1963 data. This was probably due t o  the 

f a c t  t h a t  s a l i n i t i e s  had increased considerably r e s u l t i n g  i n  
less than optimum condi t ions f o r  the dominant producer organ- 

isms. This f u r t h e r  ind icated t ha t  the bay was a d is turbed 
eco log ica l  system. Theoret ica l ly ,  a complex mature ecosystem 
would have i n  reserve, species which would grow under a wide 

v a r i e t y  o f  ecological  condi t ions.  The inherent i n s t a b i l i t y  
o f  a system dependent on a s i ng le  producer species was 

demonstrated by the 1963 and 1964 data. 

The work i n  1965 was a cont inuat ion o f  the study o f  complex 

i n te r ra l a t i onsh ips  between endemic populat ions o f  a d is turbed 

ecosystem and extended t o  include studies on s p e c i f i c  f low 

pat terns  o f  the dominant species populat ions a t  the var ious 

t r o p h i c  leve ls  whthin the system. Laboratory studies on the 

u t i l i z a t i o n  o f  the marine alga, Nannochloris i n  the n u t r i t i o n  
o f  the economically important clam, Mercenaria mercenaria were 

begun. These experiments ind icated t ha t  the clam does not  use 
Nannochloris as a food source. The work on the ecsnomica9ly 

important bay scal lop, was not completed, 



bwever,  the p re l im inary  data ind icated tha t  l i k e  the clam, 

the sca l lop  d i d  not u t i l i z e  as a food source. 

S im i la r  experiments on the copepods, the c h i e f  component o f  

the primary consumers were not completed, bwever,  the 

pre l iminary  data seemed t o  ind icate  tha t  the copepods d i d  
not feed on the Nannochloris. 

F i e l d  observations on the Nannochloris populat ion i n -  

d ica ted tha t  they were present i n  i n s i g n i f i c a n t  numbers 

dur ing the spring, summer and e a r l y  f a l l ,  During the summer 

o f  1965, the "small forms", mainly Nannochloris which had 
prev ious ly  been present i n  i n s i g n i f i c a n t  numbers suddenly 

bloomed ' i n  several areas o f  the bay. Organisms i n  excess o f  
6 9.7 x 10  / m l  were found a t  some o f  the s ta t ions  sampled. 

The f i e l d  and laboratory  data seemed t o  bear out the idea t ha t  

the primary producer Nannochloris can and does b lock  energy 

f low t o  the higher t r oph i c  levels.  
Thus, the 1963, 1964, 1965 studies ind icated t ha t  the 

Great South Bay system was e r r a t i c  and t ha t  the amount o f  

photo-synthesis d i d  not  vary w i t h  the amount o f  rad iant  
energy the system received as i t  normal ly does i n  other  

estauarine systems, 
During 1965 and the ea r l y  p a r t  o f  1966 the d iu rna l  oxygen 

studies continued f o r  a ser ies o f  seven s ta t ions  i n  Great 

South Bay and four  s ta t ions  were added I n  South Oyster Bay. 

The analys is  of the data on d issolved oxygen was not made 
due t o  the f ac t  t h a t  the d i f f u s i o n  co r rec t i on  f ac to r  f o r  
Great South Bay was not determined. The use o f  d i f f u s i o n  

co r rec t i on  f ac to r  u t i l i z e d  i n  o ther  bay systems were not 

adequate f o r  a p p l i c a t i o n  t o  the Great South Bay System. The 

preparat ion o f  equipment and plans for  determining the d i f f u s i o n  

rates o f  oxygen and carbon d iox ide a t  a i r /wa te r  i n te r f ace  were 

stopped due t o  the  f a c t  t ha t  the p ro jec t  was phased sue o f  

the NASA grant  i n  the sumek and fa1 l o f  1967, Other aspects 



o f  the research begun i n  1966, namely Benthic studies, Zooplankton 

studies,  and f u r t he r  studies on the u t i l i z a t i o n  o f  Nannochloris 

i n  the n u t r i t i o n  o f  the clam, Mercenaria mercenaria were not 

completed due t o  the plans t o  phase t h i s  research out o f  the 
mutt  i d i s c i p l  inary research program. Thus, the major and 

minor th rus ts  o f  the p ro jec t  were not completed and t o  date 

no pub l i ca t ions  have been released. 

The student support dur ing the per iod the research 

was funded i s  summarized below: 

9 Undergraduates - 9 B.S.'s, 7 continued 
studies toward graduate degrees. 

1 Graduate students - 2 MS's 



TITLE: E f fec ts  o f  Varying Physical Parameters on Post 
I r r a d i a t e d  Bac te r i a l  Cel i s  

P R l  N C l  PAL INVESTIGATOR:  Goncetta B. Cabral 
Department o f  B io logy 

DESCRI  PT ION:  

I n  the background of  the  major aspects o f  the problem has 

been the  con t inua t ion  o f  a  long se r ies  o f  techniques capable 

o f  the  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  ances t ra l  and aberrant 

forms o f  the t e s t  organism being inves t iga ted ;  t h i s  has been 

accomplished i n  con junc t ion  w i t h  the  adopt ion o f  bas ic  

s t a i n i n g  and c u l t u r a l  techniques tes ted  and proven t o  be 

advantageous i n  t he  growth and i n  the  examination o f  the  

t e s t  organism. 

Opt imal procedures regarding each o f  the  f o l  lowing aspects 

p e r t a i n i n g  t o  the  problem have now been determined: 

(1) Most e f f i c i e n t  q u a n t i t a t i v e  determinat ions f o r  the  

n u t r i e n t  b ro th  c u l t i v a t i o n  o f  the  t e s t  organism; (2) Most 

e f f i c i e n t  q u a n t i t i v e  est imat ions o f  b a c t e r i a l  growth exposed 

t o  d iverse  envi ronmental cond i t ions ;  (3) Maximum e f f i c i e n c y  

o f  our U-V u n i t  i n  mod i fy ing  s u r v i v a l  and muta t iona l  S t a t i s t i c s  

i n  terms of  U-V i n t e n s i t y  and in teg ra ted  i n t e n s i t y ;  (4) Most 

p roduc t i ve  so l  i d  medium f o r  auxotrophic  and p r o t o t r o p h i c  

s t r a i n s  o f  the  t e s t  organism; (5) The o rgan iza t ion  o f  a  

d e f i n i t i v e  se r ies  o f  t e s t s  t o  be used r o u t i n e l y  i n  the  

de terminat ion  o f  c u l t u r a l ,  morphological, and phys io log ica l  

mod i f i ca t i ons  o f  t he  t e s t  organism pursuant t o  and f o l l o w i n g  

exposure t o  u l t r a - v i o l e t  r ad i a t i on ;  (6) Determinations o f  

t h e  opt imal  times i n  the  growth cyc l e  o f  the  t e s t  organism 

(as we have found between the  1 5 t h  and 1 6 t h  hour f o l l o w i n g  

incubat ion  ra the r  than a f t e r  the t r a d i t i o n a l  24 hour incu- 

b a t i o n  per iod)  when t e s t s  could be performed most e f f i c i e n t l y  

and p roduc t i ve l y ;  (7) improvement i n  techniques r e l a t i n g  t o  

the i s o l a t i o n  and examination o f  "delayed mutantsugs (8) The 



devisement o f  methods essent ia l  i n  ascer ta in ing the 

t ime marking the terminat ion o f  the per iod o f  s u s c e p t i b i l i t y  

o f  the t e s t  organism t o  pos t - i r r ad la t i ona l  environmental 

inf luences as we l l  as the experimental condi t ions necessary 

t o  e luc ida te  t h i s  f ac t ;  ( 9 )  The devisement o f  methods t o  

determine most r ap id l y  and e f f i c i e n t l y  the d i s t r i b u t i o n  o f  

va r ian ts  i n t o  (a) spontaneously-induced ones, (b) experimental ly- 

induced ones, and/or; (c) na tu ra l l y -se lec ted  ones; (10) Methods 

for  determining whether i n i t i a l  va r ian ts  are i r r eve rs ib l e .  

Some o f  the spec i f i c  procedural techniques tested and 

now adopted are:  (1) p l a t i n g  a t  h igh d i l u t i o n s  t o  determine 

su rv i va l  rates wherein t y p i c a l l y  0.1 m l  o f  c u l t u r e  i s  d i l u t e d  

t o  1 t o  l og6 ;  (2) p l a t i n g  a t  lower d i l u t i o n s  t o  determine 

mutat ional rates;  (3) s u b s t i t u t i o n  o f  d i l u t i o n  f l u i d  (25 m i .  

o f  n u t r i e n t  b ro th  added t o  one l i t e r  o f  0.9 ~ a c l )  i n  place 

o f  s a l i n e  un-enriched by n u t r i e n t  broth, the former a1 lowing 

f o r  maximal recovery o f  c e l l s ;  (4) c u l t i v a t i o n  o f  the t e s t  

organism (prototroph) i n  minimal medium designated as 50 X E, 

which i s  a  s a l t  s o l u t i o n  conta in ing p r i n c i p a l l y  c i t r i c  acid, 

potassium phosphate, magnesium su l fa te ,  and sodium ammonium 

phosphate added i n  prec ise quan t i t i es .  



TITLE: C o l l i s i o n  Processes i n  Gases 

PRINCIPAL INVESTIGATOR: D. E o  Cunningham - Department o f  Physics 

DESCRIPTION: 

I n  order t o  b e t t e r  understand the nature o f  the e f f e c t  

which i s  used t o  determine atomic c o l l i s i o n  cross sect ions 
o f  var ious gases, thereby obta in ing ins igh t  i n t o  energy 

t r ans fe r  processes i n  the upper atmosphere, fo re ign  gases 
were mixed w i t h  i r r a d i a t e d  mercury vapor a t  pressures such 

t h a t  the time between c o l l i s i o n s  was roughly o f  the same 

order  as the 1 i f e t ime  o f  the ( p a r t i c u l a r )  exc i ted  s t a t e  o f  
mercury. The technique which was used involved the measure- 

ment o f  d i f ferences i n  observed emission cha rac te r i s t i c s  as 

a func t ion  o f  pressure o f  the fo re ign  gas introduced i n t o  

a c e l l  containing the mercury vapor which was o p t i c a l l y  

pumped w i t h  r a d i a t i o n  a t  2537A. The change i n  the character 

o f  the emit ted r a d i a t i o n  and the decrease i n  i n t e n s i t y  o f  the 
emi t ted rad ia t i on  w i t h  changes i n  pressure o f  the fo re ign  

gas was used t o  determine the ef fect iveness o f  the c o l l i s i o n  

process, hence the atomic c o l l  i s i o n  cross sect ion, f o r  energy 

t rans fe r .  This technique i s  described i n  greater  d e t a i l  i n  

(1) and (2), 
It was reported i n  (1) tha t  the B ' l i f e t imew o f  the exc i ted  

s t a t e  i s  not single-valued, but ra ther  (due t o  an apparent 
3 coherent photon absorpt ion process ) i s  lengthened as the 

temperature o f  the c e l l ,  hence pressure, i s  increased. 

REFERENCES : 

(1) Adelphi Un ive rs i t y  Research Report, NASA grant  NsG - 394, . 

(2) 0, E, Cunningham and L.0, Olsen, Phys, Rev. a, 691. (1960). 

(3) P.J. Barrat, Le Journal de Physique and Le Radium 0, 42 (1959). 



Adel phi  Univers i t y  Research Report NASA grant NsG-394, 

1. The character and i n t e n s i t y  of the emit ted r a d i a t i o n  g 
i s  sens i t i ve  t o  the pressure of  the fo re ign  gas, 

I 

3 2. The "1 i f e t imeu o f  the 6 PI s t a t e  i n  mercury i s  not 
1 

single-valued but was found t o  change by a f ac to r  o f  3 i n  

the temperature, hence pressure, range invest igated. 4- .- - 
3. It has been possib le t o  f i t  a l l  the p o l a r i z a t i o n  vs, ,/ 

/' 
i 

magnetic f i e l d  data ( the Hanle method o f  determlnlng atomic J*' 

exc i t ed  s t a t e  1 i f e t ime)  w i t h  a s i n g l e  value o f  exc i ted  s t a t e  I 

l i f e t i m e  i n  s p i t e  o f  the v a r i a t i o n  mentloned previously,  
I '  

,--- 
-- 

STUDENT SUPPORT : (Undergraduate) 

---- iap;ilUL"--Cl------ 

1. Ed Fraaer 

2. Fred Helm 





( 1 )  
I I TLE : Electromagnet i c Form Factors  o f  Hadrons 

PRINCIPAL INVESTIGATOR: John Dooher - Department o f  Physics 

DESCR I PT I ON : 

The e lect romagnet ic  p r o p e r t i e s  o f  t he  s t r o n g l y  i n t e r a c t -  

i n g  p a r t i c l e s  (hadrons) a re  descr ibed by the  i n t r o d u c t i o n  

o f  form f a c t o r s  which determine such phys i ca 1 q u a n t i t i e s  as 

the  charge rad ius  o f  the proton, hand care e f f e c t s  i n  p ro ton  

and neutron s t r u c t u r e ,  and o the r  q u a n t i t i e s  re levant  t o  

t h e  s tudy o f  t h e  s t r u c t u r e  o f  elementary p a r t i c l e s .  These 
form f a c t o r s  a l s o  determine the  h i g h  energy behavior o f  

cross sec t ions  f o r  processes i n v o l v i n g  photons ( v i r t u a l  o r  

r e a l )  and hadrons which a re  use fu l  i n  as t rophys i ka l  s tud ies  

(e.g. e lec t ron -p ro ton  s c a t t e r i n g ) .  

I t  i s  important there fore  t o  have s u f f i c i e n t  t h e o r e t i c a l  

understanding o f  these form f a c t o r s  t o  enable one t o  calculat+-- 

them f o r  var ious  processes. Ca lcu la t ions  have been completed - - - ,,/ 

which i n d i c a t e  t h a t  these form fac to rs  s a t i s f y  unsubtracted J '  

d i s p e r s i o n  r e l a t i o n s  i n  the  re levan t  va r iab les .  Also, as a i 

r e s u l t  o f  t h i s  c a l c u l a t i o n  i t  may be concluded t h a t  i n  many 

cases t h e  form f a c t o r s  can be approximated w i t h i n  a  realsohable - - -- -- 

degree o f  accuracy by expression o f  t h e  f o l  lowing form.' 

F(x)- C _-.-____- 

X2 + m 2 -. 

where C and m2 a re  constants.  

I t  i s  p o s s i b l e  t o  d e r i v e  sum r u l e s  o f  the  form 
2 a  = f  F (x)dx where a  i s  a  known q u a n t i t y .  This enables one 

2 t o  determine C and m . I n  order  t o  d e r i v e  these sum r u l e s  

we assume a  few s imple a l g e b r a i c  r e l a t i o n s h i p s  among t h e  

components o f  t h e  e lect romagnet ic  and weak hadron cur ren ts ,  



"O" TLE : 
( l l i )  

Spectra l  Sum Rules and High Energy Behavior o f  
Form Factors.  - John Dooher 

DESCRI'PT ION:  

Sum r u l e s  were found which r e l a t e  i n t e g r a l s  over pseudo- 

s c a l a r  and sca la r  s p e c t r a l  funct ions t o  i n t e g r a l s  over a x i a l  

vec to r  and vec to r  s p e c t r a l  func t ions .  By t h e  use o f  po le  

approximations, var ious  r e l a t i o n s h i p s  among decay ampli tudes 

and coup l ing  constants may be der ived.  A lso i n fo rma t ion  on 

h i g h  energy n e u t r i n o  product i o n  processes such as U +& (e) 

hadrons ( s t r o n g l y  i n t e r a c t i o n  p a r t i c l e s )  may be der ived.  

The quest ion o f  the  m ix ing  o f  var ious  vec to r  meson 

s t a t e s  has been considered and by use o f  t he  Gell-Mann 

c u r r e n t  commutation r e l a t i o n s ,  a non p e r t u r b a t i v e  t reatment 

o f  t h i s  problem was developed which a1 lows d i  r e c t  comparison 

w i t h  experiment o f  t he  m ix ing  theory  o f  M. K r o l l ,  T. D. Lee 

and Bruno Zumino. 

TITLE: 
( 1 1 1 )  

Dynamical Sum Rules and the  Zero Momentum Limi t 
John Dooher 

A r e l a t i o n s h i p  between the  zero momentum l i m i t  o f  

vec to r  meson decay ampli tudes and t h e  e q u a l i t y  o f  t he  a x i a l  

v e c t o r  s p e c t r a l  i n t e g r a l s  and t h e  psuedoscatar s p e c t r a l  

i n t e g r a l s  was found. Taking t h i s  r e s u l t  as a b o o t s t r a p - l i k e  

r e l a t i o n  where thef meson i s  no t  composite, i t  i s  poss ib le  

t o  c a l c u l a t e  the  vec to r  meson masses and coup l ing  constants 

i n  terms o f  pseudoscalermeson parameters. I t  i s  a l s o  

p o s s i b l e  t o  t e s t  vec to r  meson s a t u r a t i o n  o f  s p e c t r a l  sum 

ru les ,  thereby p u t t i n g  l i m i t s  on t h e  v a l i d i t y  o f  g loba l  

p o l e  dominance. From t h i s ,  i t  i s  p o s s i b l e  t o  estimaae 

hadron p roduc t i on  by leptons a t  h i g h  energies which i s  u s e f u l  

b o t h  i n  a c c e l e r a t o r  and cosmic ray  research, 

= 1.y - 



. . . . 
TITLE: Current Algebra Dynamics and 

John Dooher 

DESCR I PT I ON : 

I n  the  s tudy o f  t h e  dynamics o f  cu r ren t  algebra, t he  

r e l a t i o n s h i p  between the  phenomenological approach t o  low 

energy m u l t i - p i o n  process us ing  model Lagrangians and the  
zero momentum l i m i t  approach us ing  L S Z reduc t i on  techniques 

was e luc ida ted .  The r e s u l t s  a re  encompassed i n  a se r ies  o f  

sum ru les .  I n  summary, the  r e s u l t s  imply t h a t  SU symmetry 3 
i s  exact f o r  t he  p i o n  and kaon decay ampl i tudes a t  zero 

moment um . 
A s tudy was a l s o  made o f  t he  f e a s i b i l i t y  o f  hunt ing  

fo r  "quarksl1 i n  t h e  cosmic r a d i a t i o n  by use o f  s a t e l l i t e s .  

By examining new methods o f  measuring the  energy o f  a 

p a r t i c l e  and i t s  mass, i t  was p o s s i b l e  t o  demonstrate the  

f e a s i b i l i t y  o f  such s a t e l l i t e  experiments. The devices 

considered, u t i l i z e  the  t r a n s i t r o n  r a d i a t i o n  emi t ted  by a 

p a r t i c l e  when i t  crosses a boundary and a l s o  use a photo- 

c a l o r i m e t r i c  method o f  measuring t h e  t o t a l  energy o f  a 

hadron t ha t  has been absorbed i n  a chunk o f  heavy c r y s t a l ,  

I 

/ 
/ 



PRI  N C I  PAL INVESTIGATOR:  Richard W, Genberg - Department o f  
Phys i cs 

DESCR I PT I ON : 

Two types o f  superconductors are recognized w i t h  

"type I I "  possessing t y p i c a l  l y  a  h igh cur rent -car ry ing 
capaci ty ,  hence, type I I superconductors should prove 

valuable i n  many p r a c t i c a l  app l ica t ions.  I n  order t o  ob ta in  

f u r t h e r  ins igh t  i n t o  the fundamental proper t ies  o f  type I I 

superconductors, we have invest igated the magnetic proper t ies  

o f  vanadium, one o f  the few elemental type I I  superconductors; 

the  magnetic s tudies were conducted by examining .the torque as 

a funct ion of the magnitude o f  the appl ied f i e l d .  

We have found i n  s i n g l e  c r y s t a l l i n e  specimens w i t h  the 

cy l i nde r  ax is  of the sample perpendicular t o  the appl ied 

f i e l d  d i r e c t i o n  t h a t :  (1) the torque ex i s t s  on ly  i n  the 

superconducting s t a t e  and i t  var ies  i n  a  reproducib le manner 

w i t h  the magnitude o f  the app l ied f i e l d ,  (2)- the  v a r i a t i o n  

of  the torque w i t h  appl ied f i e l d  i s  o r i e n t a t i o n  dependent, 

and (3) the torque i s  not generated as a  r e s u l t  o f  the t ime 
r a t e  o f  change o f  the app l ied f i e l d .  Theoret ica l  considerat ions 

have ind icated t h a t  the observed torque i s  a t t r i b u t a b l e  t o  

magnetocrysta l l ine and shape anisotropy e f f ec t s ,  w i t h  the 

former a r i s i n g  from the inherent proper t ies  o f  the mate r ia l  

and the l a t t e r  from a lack o f  geometrical symmetry o f  the 

sample about the f i e ' l d  d i r ec t i on .  An analys is  o f  the torque 

data has resu l ted i n  good q u a l i t a t i v e  agreement w i t h  theoret 

p red ic t ions  and a p re l im inary  determinat ion f o r  vanadium of 

several  parameters o f  type I I  superconduct iv i ty.  A t  4 .2O~ 
these parameters were found t o  have the f o l l ow ing  values: 4 

K 2 r  0.86. H - 770 gauss and P C 1 0 ~ ~  where P represents c2 



t h e  e f f e c t i v e  mass an iso t ropy ,  A more r e l i a b l e  de terminat ion  

of  these values can no t  be completed a t  t h i s  t ime as the 







SUMMARY OF FIND I NGS : 

1.) The measured torque on vanadium i s  i n  good agreement 

w i t h  t h a t  p red ic ted  by theory (as the  theory o f  magneto- 

c r y s t a l l i n e  an iso t ropy  I s  as ye t  incomplete, so i s  t h e  

comparison). 

2.) Pre l  iminary determinat ions o f  severa l  parameters o f  

superconducting vanadium have y ie lded  values i n  good 

agreement w i t h  those o f  o the r  i nves t i ga to rs  f o r  samples 

o f  s i m i l a r  p u r i t y .  I n  p a r t i c u l a r ,  a t  4 . 2 ' ~  K2% 0.86, 

Hc2 = 770 Oe., and P z  l o o 5  where P represents t h e  

e f f e c t i v e  mass anisot ropy.  

3 . )  The technique i s  capable no t  o n l y  o f  measuring Hc2 



L I S T  OF ALL PROJECTS: 

1,. Magnetic s u s c e p t i b i l i t y  and magnetothermal o s c i l l a t i o n s  
i n  bery l l ium, 

(Since the t o r s i on  balance t o  measure the magnetic 

s u s c e p t i b i l i t y  was completed but the samples o f  

be ry l  1 ium were never received, t h i s  p ro jec t  i n  e f f e c t  

was never ca r r i ed  out  as no measurements were performed, 

Instead the equipment was u t i l i z e d  t o  measure the 

magnetic proper t ies  o f  superconductors), 

2, Magnetic Propert ies o f  type I I  Superconducta~s, 

STUDENT SUPPORT : 



TITLE: 

PRINCIPAL INVESTIGATOR: Ronald G i l l e s p i e  
Department o f  B io logy  

DESCR I PT I ON : 

Studies o f  the  e f f e c t s  o f  i o n i z i n g  r a d i a t i o n ,  hypo- 

b a r i c  pressures, magnetic f l u x  and hypothermia on b i o l o g i c a l  

parameters have been ver  i f i ed and expanded. 

Animals (mice) subjected t o  s t ronger  doses o f  

i o n i z i n g  r a d i a t i o n  (400 roentgens versus previous l e v e l s  

o f  300 and 350 roentgens) and/or hypobar i c pressures 

(equ iva len t  t o  an a l t i t u d e  o f  10,000 f e e t )  f o r  39 day per iods  
showed g r e a t e r  a1 t e r a t  ions i n  b lood lymphocytes than f o r m e r l y  

found. There was an i n i t i a l  r i s e  fo l l owed  by a depression 
cons iderab ly  below normal l e v e l s  which cont inued throughout 

t h e  exper imental  per iod.  The combinat ion o f  these two fo rces  

o f f e r s  the  p o s s i b i l i t y  o f  c o n t r o l l i n g  t h e  l e v e l  o f  t h i s  c e l  

t ype  so t h a t  t h e  d e s t r u c t i v e  e f f e c t  o f  the  r a d i a t i o n  cou ld  
be compensated by the  lowered pressure. This may have 

impor tant  i m p l i c a t i o n s  f o r  animals (o r  humans) exposed f o r  

long per iods  t o  dangerous l e v e l s  o f  r a d i a t i o n  as w e l l  as 

f o r  experiments such as tJlssue g r a f t i n g  which i nvo l ve  

a n t i  gen-ant i body reac t  ions. 

Other mice rad ia ted  as 'above and/or exposed t o  a 

magnet ic f l u x  o f  one k i logauss f o r  21 day per iods d i d  no t  

present  as c l e a r  cu t  a p i c t u r e ,  There was however, a 

suggest ion o f  a sex d i f f e rence .  Males d i d  show a s l i g h t  
depression o f  lymphocytes below t h e  normal l e v e l s  when 

sub jec ted  t o  magnetism alone, Females showed no such e f f e c  

I n  a l l  cases when the  s t resses were removed, the  animals 

which were i r r a d i a t e d  recovered t o  normal l e v e l s  a t  a 

f a s t e r  r a t e  than when magnetism was a f a c t o r ,  
Hypothermia experiments ea s tudy  e l e c t r o l y t e  

changes w i t h  i s o l a t e d  per fused r a b b i t  hear ts  has conf  f rmed 

t h e  prev ious  f i n d i n g  t h a t  t h e r e  i s  an e f f l u x  of p o t a s s i u  

i o n  as t h e  temperature was lowered, Thfs e f f e c t  was 





TITLE: The Effects o f  Nypothermia and Oimethylsul foxide an 
RabbPt Sal iva. 

PRSNCiPAL INVESTSGATOR: Ronaid G i i i esp ie ,  and MaicoSm E. k i r  
Department o f  BioTogy 

DESCR I PT I ON : 

The purpose o f  t h i s  inves t iga t ion  was t o  determine the 

s ta tus  o f  Na' and K+ i n  r abb i t  p a r o t i d  s a l i v a  under condi t ions 
o f  lowered body temperatures and w i t h  the admin is t ra t ion  o f  

DMSO i n t ra -pe r i t onea l l y .  

B r i e f l y ,  r abb i t  s a l i v a  was co l l ec ted  by means o f  a 
modi f ied  Lashley cup a f t e r  secre t ion was st imulated by i n j e c t i o n  

o f  p i locarp ine.  Wheneverpossible, samples o f  b loodwere 

taken so tha t  plasma Na+ and K+ could a l so  be measured. The 
concentrat ions of the e lec t ro l y tes  were measured on a flame 
photometer. 

The resu l t s  showed tha t  K+ concentrations i n  p a r o t i d  

s a l i v a  increased about two- fo ld  over normal (24 rneq/L vs. 

1 2  meqCL) when the body temperature was depressed t o  32OC o r  

below (normal temperature =38O~). Cool i ng was e f fec ted  by o 

means o f  a combination o f  coo l ing  b lanket  and ice-packs I ! 
wrapped around the animal. 

When DMSO was in jec ted  before cool ing, sa l  i va ry  K+ leve ls  t 

were found t o  be about 30 meq/L. Under a l l  condi t ions s a l i v a r y  I 

Na+ remained w i t h i n  the normal range - 50-80 meq/L. 
Plasma K+ leve ls  appeared t o  r i s e  s l i g h t l y  i n  the f i r s t  

Y phase o f  cool ing but  were somewhat depressed as khe body 

temperature dropped, l t  i s  f e l t  t h a t  there i s  a movement o f  i 

K+ from a c t i v e  sh ive r ing  muscles i n t o  the blood stream, 

from where some o f  i t  f inds  i t s  way i n t o  s a l i v a r y  - glands. 
.--- J 

The loss o f  water from s a l i v a  under hypothermia may also - 
,/ // : 

p l ay  a r o l e  i n  the elevated K' l eve ls  found. 1'' 
j 

f 



TITLE: The Biosynthegis and Degradation o f  Membrane 
Phosphol i p ids  8 

PRINCIPAL INVESTIGATOR: J. Y. Kiyasu - Department o f  Biology 

DESCR I PT I ON : 
i 
i 

During a two year per iod (1964-1966) invest igat ions were 
*f 

i 
conducted i n  three d i f f e r e n t  areas r e l a t i n g  t o  the biochemistry 

o f  l i v i n g  t issues. I 
A) The f i r s t  area was t o  invest igate  the r o l e  o f  phosphoc '-- i' - 

/' l i p i d s  i n  c e l l  membrane. I t i s  we l l  known t h a t  the phys io logfca l  ,,,, 

r o l e  o f  phospholipids i s  t o  provide an interphase between J'' 

hydrophobic and hyd roph i l i c  regions by specia l  o r i e n t a t i o n  t t 

o f  the molecules, so tha t  the po la r  head dips i n t o  the hydro- 
p h i l i c  phase. Using membrane fragments o f  endothel io-ret icu lum 

o f  l i v e r  ce l l s ,  we found d i r e c t  c o r r e l a t i o n  between the turn-  

over o f  phosphorus i n  themembcaneand the induct ion  o f  

membrane enzyme. The turnover o f  phosphorus was studied by 
rad ioac t i ve  t racer  techniques and enzyme assays were conducte 

as a funct ion o f  time. Other c o r r e l a t i o n  was establ ished 
between the phosphorus turnover r a t e  and inorganic ca t ion  

concentration, the l a t t e r  may be necessary f o r  the func t ion  

o f  the induced membrane enzyme, 
0 )  The i n te rac t  ions between hydrophobic pro te ins  (which 

a re  not soluble i n  water) and polysaccharide phosphates were 

studied, Glycogen phosphate and dextran phosphate was 

synthesized and the r a t e  o f  s o l u b i l i z a t i o n  o f  hydrophobic 

p ro te ins  i n  water was observed as polysaccharide phosphate 

was added. When the p r o t e i n  was made hydrophobic by dena 
i n  media which competes for  water such as ethanol, methanol 

etc,, small quan t i t i es  o f  the polysaccharide phosphates 

acted as solubi  1 i z i n g  agents, Thus, these po l  ysaecharide 

phosphates can be used as ant idenatur ing agents I n  c e r t a i  



C )  I n  co l labora t ion  w i t h  D r .  R .  J ,  Gi l lesp le ,  s tudies 

were conducted on low temperature su rv iva l  o f  animals, Cock- 

roaches were cooled down t o  -150°c, su rv i va l  was good down 
t o  -9' but not much below. Feeding a n t i  f reeze agents so  tha t  

no i c e  c r ys ta l s  should form i n  the body l i q u i d s  d i d  not help 
the  su rv iva l  ra te ,  As a  matter o f  Pact these agents proved 

t o  be .qu i t e  poisonous. 
The e f f e c t  o f  r ad ia t i on  and magnetic f i e l d  has been 

s tud ied on mice, This p ro jec t  was conducted i n  co l labora t ion  
w i t h  D r .  Genberg, While body weight showed no e f f e c t  as a  

r e s u l t  o f  the r a d i a t i o n  o r  magnetic f i e l d ,  the lymphocytes 

count increased w i t h  the dose o f  rad ia t ion ,  



TITLE: O s c i l l a t o r  Strength Calculat ion f o r  TI' i n  KC!, 
K B r  and NaCl 

PRINCIPAL INVESTIGATOR:  Anthony M. Cemos - Department o f  Physics -.. 

DESCRIPTION:  

The general research areas considered dur ing my tenure 

under the NASA grant  were the deep e lec t ron  t raps I n  a l k a l i  

h a l i d e  c rys ta ls ,  S p e c i f i c a l l y  the problems surrounding the 

o p t i c a l  absorpt ion and emission o f  the F- center and the 
KC1 : T I  center were attacked and p a r t i a l l y  solved, The 
research i s  s t i l l  i n  a c t i v e  progress. During t h i s  period, 

two men received t h e i r  Ph.D1s w i t h  the assistance o f  the 

NASA grant :  D r .  Michael Stauber, 1968 and D r .  John Marion, 

1970. A paper e n t i t l e d ,  "Structure o f  the A, B, and C- 

Absorption Bands i n  KC1 :TI " ,  by A, M, Lemos, M. C, Stauber, 

and J, F. Marion has recen t l y  been submitted f o r  pub1 i c a t i o n  
i n  The Physical Review, 

The resu l t s  o f  the F-center invest igat ions are described 

i n  paper (6) P i s t ed  below, I n  t h i s  paper a se t  o f  transform- 

a t ions  are developed which permit  one t o  r e l a t e  one se t  o f  normal 

co-ordinates (e,g, the se t  corresponding t o  the ground s t a t e  

o f  the  F- center) t o  another se t  (e,g. corresponding t o  the 

f i r s t  exc i ted s t a t e  o f  the F- center),  These transformations 

can then be used t o  ca lcu la te  the phonon broadening o f  the 

F- bands i n  any o f  the a l k a l i  hal ides, 

The resu l t s  o f  the KC1 : T I  work are  described i n  a r t i c l e s  

(1) through (5) 1 i s t e d  below and i n  the recent a r t i c l e  sub- 

m i t t e d  t o  The Physical Review. i n  general, we have found 

t h a t  the absorpt ion bands o f  KC1 : T I  a re  composed o f  several 

temperature dependent subs id iary  bands, and t ha t  the 

exper imental ly  observed bands are simply envelopes o f  a 

ra the r  cmp8icated s t ruc ture ,  ble have explained the existence 

and behavior o f  these subsidiary bands for both abssrptton 



and emission, The resu l t s  o f  our ca lcu la t ions agree very w e l l  

w i t h  recent experiments a t  Brookhaven National Laboratory. We 

f e e l  t ha t  the essent ia l  problems o f  KC1 : T I  absorpt ion and 

emission have been solved, 

ART I CLES : 

(1) "The B-Band i n  K C I - T I t t ,  J. F. Marion and A, M. Lemos, 
Bu l l .  Am. Phys. Soc., a, 324 (1969). 

(2) "Theoretical Analysis o f  the Thal l  ium Bands i n  KCltl, 
J. F, Marion and A. M. Lemos, Bu l l ,  Am. Phys. Soc., 
14, 130, (1969). - 

(3) 180sc i l l a to r  Strength Calculat ions f o r  TI+ i n  KCl ,  
KBr  and NaCltt, M. C. Stauber, A. M. Lemos, and E. A, 
Burke,lnternal Report No. BNL 11595 f o r  Brookhaven 
National Laboratory (1968). 

(4) "TI' Absorption Bands i n  KC1 : Theoret ical t1,  M. C. 
Stauber, and A. M. Lemos, In te rna t iona l  Symposium on 
Color Centers Rome, ~ 2 6 4 ,  (1968). 

( 5 )  "Osci 1 l a t o r  Strengths f o r  TI', M. C. ' ~ t a u b e r ,  A. M. 
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TITLE: Thermally Stable Polymers Containing Adamantane 
Der ivat ives as Recurring Units.  

PR I NC l PAL I N V E S I  1 GATOR : Sung Moon 
Department o f  Chemistry 

DESCRI PT ION:  

I n  our general program o f  synthesiz ing thermal ly  s tab le  
polymers, we chose adamantane der i va t i ves  as monomers f o r  
polymer izat ion f o r  two reasons. The f i r s t  i s  tha t  adamantane 

i t s e l f ,  which has a diamond-like s t ruc ture ,  i s  known t o  be 

thermal ly  s table.  Secondly, some polymers t ha t  have been 

prepared by incorporat ing the adamantane s t ruc tu re  were found 

t o  be stable.  
We encountered d i f f i c u l t y  i n  preparing 1,3-dibromo- 

adamantane and 1,3-adamantanedicarboxyl i c  ac id  according 

t o  the published methods, With some modi f icat ions,  however, 

we were successful i n  preparing these monomeric mater ia ls ,  

We have synthes ized diphenyl adamantane-l,3-dicarboxylate 
and have used t h i s  novel b u i l d i n g  b lock  f o r  preparat ion o f  a 

polybenzimidazole by reac t ion  w i t h  3,3'-diaminobenzidine. 

Thermal grav imet r ic  analys is  o f  the  new polybenzimidazole 

ind icated t ha t  the decomposition temperature o f  the adamantane- 

conta in ing polymer (540') was higher than t h a t  o f  the o ther  

polybenzimidazoles w i t h  a l i p h a t i c  l inkages. The new polymer, 

however, was not so s tab le  as the whol ly  aromatic po ly -  

benmimidazoles prepared by Vogel and Marvel (J. Polymer Sci., 

L. 511 (1961) ). 

PUBL I CAT IONS : 
.. 

S, Moon, A. Schwartz, and J. K. Hecht, "A Polybenzimidazole 
Containing Adamantane Units," J, Polymer Sci,, i n  press, 

STUDENT SUPPORT : 

1, Ar thur  Schwartz, Doctoral student, from September 1967 to  
August 1970, 

2, bloward B o h ,  Doctoral S t u d e n t ,  June  $970 t o  August %9me 
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T I T L E :  Non L inear  Current i n  a Plasma 

P R I N C I P A L  INVESTIGATOR:  Terry  Morrone - Department o f  Physics 

DESCRI PTION:  

Dur ing the  g ran t  p e r i o d  we inves t i ga ted  the  non l i n e a r  

cu r ren t  response of  an ion ized gas t o  an a p p l i e d  a l t e r n a t i n g  

e l e c t r i c  f i e l d .  The non l i n e a r i t i e s  a r i s e  because o f  the 

v e l o c i t y  dependent e l e c t r o n  n e u t r a l  and i o n  c o l l i s i o n  

frequency. 

We found t h a t  t he  e l e c t r o n  v e l o c i t y  d i s t r i b u t i o n  f u n c t i o n  

was best  descr ibed by a spher i ca l  harmonic expansion o f  the  

angular dependence. A power s e r i e s  expansion was developed 

which showed t h a t  the  expansion c o e f f i c i e n t s  were p r o p o r t i o n a l  

t o  powe.rs o f  a smal l  parameter, the  f r a c t i o n  o f  energy l o s t  

per  c o l l i s i o n .  The ideas were developed i n  two p u b l i c a t i o n s .  1, 2 
3 I n  a t h i r d  we a l s o  expanded t h e  t ime dependence o f  t h e  

d i s t r i b u t i o n  f u n c t i o n  and extended the  work t o  inc lude the  

e f f e c t  of s p a t i a l  g rad ien ts  and s t a t i c  magnetic f i e l d s .  

Harmonic cu r ren ts  were computed under very  general  circumstances. 

1. Phys. o f  Fluids, lO, 1507 (1967) 
2. Phys. o f  F lu ids ,  ll, 1227 (1968) 
3. Phys. o f  F lu ids ,  2, 2617 (1968) 
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: Aeropaiynological Survey I n  the Lower Atmosphere 
i n  the Mid-Pac i f lc  Region, 

PRINCIPAL INVESTIGATOR:  Les l i e  A. S i r k i n  - Department o f  
Ea r th  Science 

DESCRIPTION:  

This p ro jec t  was i n i t i a t e d  i n  1966 a t  Wallops Island, 

V i r g i n i a .  The survey represented the i n i t i a l  phase o f  an 

atmosphere sampling program. I t  was the u l t ima te  goal o f  

t h i s  program t o  develop atmospheric moni tor ing systems from 

ground leve l  t o  sub-o rb i ta l  o r  o r b i t a l  leve ls .  The i n i t i a l  

research u t i l i z e d  ground leve l ,  rad io  tower, ocean buoy and 

ba l loon  s ta t ions  w i t h  e levat ions ranging from ground leve l  

t o  1,000 fee t  ( the ba l loon s ta t i ons )  w i t h  intermediate 

s ta t i ons  on the Wallops Is land rad io  mast up t o  300 feet .  (1 

i n  the survey, the d ispersal  o f  p o l l e n  from the coastal  

p l a i n  vegetat ion was monitored dur ing the po l l en  r a i n  season 

between March and September. Local sources o f  po l l en  were 

located and cor re la ted  w i t h  the po l l en  ra in .  Tagged mater ia ls  

were not used i n  the survey. Excel lent  recovery was achieved 

a t  a l l  s ta t ions  dur ing peaks o f  po l l en  production, w i t h  8 

va r i a t i ons  i n  recovery associated d i r e c t l y  w i t h  r a i n f a l l  and 

p l a n t  p o l l i n a t i o n .  Po l len data was processed by computer. (2) 

This means o f  data reduct ion led t o  the app l i ca t i on  o f  computer 

t o  po l  len  s t r a t i g r a p h i c  research. ( 3 )  
The success o f  the survey a t  low leve ls  suggested the 

f e a s i b i l i t y  o f  extending t h i s  research f i r s t  t o  a l t i t u d e s  

accessib le by a i r c r a f t  and then t o  sounding rockets, Un- 

fo r tuna te ly ,  WallopDs ls land was unable t o  provide the support 

f o r  a i  r c r a f t  and rocket sampl i ng, 

Low leve l  atmospheric sampling was conducted i n  l i ason  

w i t h  O r ,  Eugehe NolzapfeB 08  the Bernice P, Bishop Museum 

i n  Mnol~ilio who was studying atmssgherlc d ispersal  of insects 



i n  the mid-Pac i f ic  region.'4) A 1 imi ted number o f  mid- 

a l t i t u d e  samples were co l lec ted  and analyzed, The sampling 
p ro jec t  was suspended, however, before adequate samples 

could be obtained o r  sampling procedures perfected. D r .  

HoPzapfel i s  c o l l e c t i n g  samples from ocean vessel and w i l l  
prov ide samples f o r  palynologic analys is .  

I n  conjunct ion w i t h  the sampling procedures, a reference 

o f  a i rborne p o l l e n  has been i n i t i a t e d .  Samples o f  dispersed 

p o l l e n  have been co l lec ted  i n  New York, V i rg in ia ,  the Mid- 

P a c i f i c  and Alaska and are on f i l e  w i t h  the author. ( 5 )  This 

reference co l l ec t i on ,  although by no means complete, i s  i n -  

tended t o  a l l ow  more precise i d e n t i f i c a t i o n  o f  po l l en  and 

sources a t  given locat ions, i n  conjunct ion w i t h  standard 

po l  l en  references. 

Concl us ions. 

Some t e n t a t i v e  conclusions may be drawn from t h i s  

research. 

I. Pol len d ispersal  and sedimentation general ly  

obey Stokes Law f o r  s e t t l i n g  o f  p a r t i c l e s ,  except tha t  i n  

the atmosphere, turbulence, convection and the natura l  
1 

, buoyancy o f  p o l l e n  grains (essen t i a l l y  hol low microscopic 

spheres o f  10 - l00r diameter) enables these p a r t i c l e s  t o  

t r a v e l  long distances, both h o r i z o n t a l l y  and v e r t i c a l l y .  

2. Pol len der ived from coastal  p l a i n  p ine and oak 

fores ts ,  and poss ib ly  from Piedmont fo res t  stands, i s  

c a r r i e d  i n t o  the ocean basin by a i r  currents,  While tagged 

p o l l e n  were not used, the presence o f  "exot icu  po l l en  from 

known sources (such as nearby farm yard walnut t rees)  i n  

o f f shore  samples, a t tes ted  t o  the d i r e c t  atmospheric I Y 
i 

t ranspor t  o f  such p o l l e n  a minimum o f  20 miles.  
1 3. Atmospheric convection, as i n  coastal  and lagoonal ' 

umonsoonu o r  Pow pressure ce l  Is ,  c a r r i e d  po l  Pen from herbs 

and grasses fnts  the atmosphere and out to  sea, 



4. Where tagged m a t e r i a l s  a re  no t  used, p a l y n o l o g i c  

a n a l y s i s  o f  a i r  samples i s  use fu l  i n  atmospheric mon i to r i ng  

i n  the  lower atmosphere, This research should be extended 

t o  the  upper atmosphere and t o  remote areas i n  order  t o  

enhance our understanding o f  t he  d i spe rsa l  o f  p a r t i c u l a t e  

m a t e r i a l  i n  the  atmosphere, e s p e c i a l l y  I n  the  v i c i n i t y  o f  



S i r k i n ,  1966-1967 Aeropalynoiogicai Survey a t  

Wallops Island, V i rg i n i a ,  ( i n  manuscript); research supported 

by NASA m u l t i d i s c i p i i n a r y  grant #NGL 33-001-001 (Nsg-394) 
and NASA Wallops Island, V i rg i n i a .  The author i s  indebted 

t o  Wallops Is land f o r  f a c i l i t i e s ,  equipment and technical  and 

f i e l d  assistance; and t o  Charles Grossman, undergraduate 

laboratory ass is tan t  on t h i s  p ro jec t ,  See also, open f i l e  

reports  t o  the p r o j e c t  d  i rec to r  (11/66, 3/67, 10/67, 4/68). 

2. L. A. S i r k i n  and C, Grossman, 1967, "A computer 

program f o r  graphical  presentat ion o f  aeropalynologic and 

p o l l e n  s t r a t i g r a p h i c  data", NASA, STAR, Vol. 1, No. 6. 

3. L. A. S i r k i n ,  1967b, Corre la t ion  o f  l a t e - g l a c i a l  

po l  l en  s t ra t ig raphy  and envi ronments i n  northeastern U.S.A., 

Rev. Paleobotan. Palynol., Vol. 2, P. 205-218. 

4. Aeropalynologic Survey i n  the lower atmosphere i n  

the m id -Pac i f i c  region and over the t e r r e s t r i a l  United 

States. The author i s  indebted t o  Dr .  Eugene Holzapfei o f  

the Bernice P. Bishop Museum, Honolulu, f o r  supply ing the 

f i l t e r  samples dur ing h i s  atmospheric sampling p ro jec t ;  and 

t o  Miss Mary Parthe, undergraduate laboratory ass is tant ,  

(See open f i l e  reports  t o  the p ro jec t  d i r e c t o r  (10/68, 3/69, 

l0 /69,  4/70). 
5. Reference cata log o f  a i rborne po l len .  Preparations 

by Mary Part he, Joseph Guidera, Kenneth Kehr, undergraduate 

laboratory ass l s tan ts .  



T I T L E :  Synthesis and Physica l  CkemPcal Proper t jes  o f  New C- 

i 
Metal Acetylacetonates Polymers, . ------ 

- - -  / I  

J' 
PRINCIPAL INVESTIGATOR: A l f r e d  M e  Vogel - Department o f  

Chemt s  t r y  i 
DESCRIPTION:  

E f fo r t s  were made t o  synthes ize polymers con ta in ing  

metal  acety lacetonates and- phosphor?;ls es te rs .  Toward t h i s  

end, some monomers t o  be used as a backbone o f  the  polymer 

have been prepared. 1-Bromo-2,4-pentanedione has been 
4 prepared and t r e a t e d  w i t h  aqueous copper ace ta te  s ~ l u t i s n  ta 

y i e l d  a water -so lub le  che la ted  m a t e r i a l .  Analys is  o f  t h i s  

m a t e r i a l  showed the  presence o f  t h ree  bromine atoms i n  t h e  

molecule. The spec t ra l  evidence ind i ca ted  t h a t  t h e  bromine 

atoms a r e  s i t u a t e d  on t h e  te rmina l  methyl groups i n  the  

molecule.  

Attempts were made t o  convert  t h i s  copper che la te  t o  

Gr ignard reagent by t r e a t i n g  w i t h  magnesium, bu t  they were 

uns uccess f u l . 
Copper 2,4-pentanedione was brominated w i t h  N-bromosuccinimide, 

and found t o  be t h e  same product  prepared by brominat ing 2,4- 

pentanedione w i t h  N-bromosuccinimide and making t h e  copper s a l t  

o f  t h i  s  compound. 

Brominat ion o f  copper e thy lace toaceta te  and e thy lace to -  

a c e t a t e  gave ambiguous r e s u l t s .  When copper ace ta te  was used 

as t h e  source o f  copper, a  b l u e  p r e c i p i t a t e  was formed. However, 

when th,e copper s a l t  was formed i n  the  presence o f  amonium 

hydrox ide a green p r e c i p i t a t e  resu l ted ,  The i r  and nmr o f  

these compounds were s tud ied,  b u t  t h e i r  c o r r e c t  s t r u c t u r e s  

cou ld  no t  be assigned. 

,STUDENTS SUPPORTED: 

Charles Ganz, DoctoreO Student ,  September e966 to August l%7, 



( 1 )  1 

T I T L E :  S t a t i s t i c a t  Theory o f  Macromolecules. f 

, 

PRINCIPAL INVESTIGATOR: Stanley Windwer, Department o f  Chemistry-- 

DESCR I PT I ON : -,."-+--- 

One o f  the bas ic  problems i n  the s t a t i s t i c a l  theory o f  
macromolecules i s  the e f f ec t  of the i n te rac t  ions between 
segments f a r  apart  along the chain backbone. The net e f f e c t  

o f  t h i s  i n te rac t i on  i s  usua l ly  repu,lsive and hence the name 
"excluded vo l  ume" e f f ec t  . Present 1 y there i s  no exact theory 
o f  t h i s  e f f e c t .  

A number of pe r tu rba t ion  treatments have been given 
but  on ly  the f i r s t  few terms have been calculated, and they 

appear i n s u f f i c i e n t .  

We have invest igated t h i s  problem by use of the Monte 
Carlo Method. The model used i s  tha t  of  a non-se l f - i n te rsec t ing  
random wal ls .  These wa l l s  were simulated on h igh speed 

computing devices and were examined s t a t i s t i c a l l y .  Quan t i t i es  
such as the mean square end-to-end distance, the mean square 
radius o f  gy ra t ion  and s t a t i s t i c a l  thermodynamic funct ions 
as a func t ion  o f  the number o f  atoms i n  the chain can then be 
studied. 

TITLE: - 
(11) 

Studies o f  Metal Solut ions - Stanley Windwer 

The research undertaken attempted the product ion o f  the 
tetramer o f  1,2 dimethyoxy methane. It has been used t o .  
d isso lve a l k a l i  metals t o  y i e l d  metal so lu t ions,  The pro-  

cedure ou t l i ned  below has been used so f a r  but  indicates 

polymerizat ion. 

R e d i s t i l l a t i o n  o f  a f r ac t i on  o f  the tetramer was t r i e d  

o f f  c lean sodium ribbon. i t  was found t h a t  sodium increases 

the r a t e  of  polymer izat ion even I n  a nitrogen atmsphere; 



because o f  t h i s  fac t ,  sodium cannot be used as a d ry ing  agent 

f o r  the tetramer. 

A t h i r d  preparat ion o f  the tetramer was made using 975 
grams o f  propylene oxide and 25 grams o f  ca ta lys t ,  A 225 m l .  

f r a c t i o n  o f  the tetramer was taken o f f  a  f rac t iona t ing  column 

a t  a  head temperature of 90-94'~ a t  2 mm o f  mercury. This 

f r a c t i o n  had a  s l i g h t  pa le  yel low co lo r  t o  i t ,  which i s  

I n d i c a t i v e  o f  the presence o f  polymer, 
I 

A sample of t h i s  f r a c t i o n  was cooled w i t h  an acetone i ' 

and dry i ce  bath. I t  was then placed under vacuum and oxide 
$ 

f r ee  potassium, which was sealed i n  the system, was poured 

i n t o  the tetramer. A b r i g h t  b lue co lo r  was not iceable a t  the I 

surface o f  the metal. Thts i s  i n d i c a t i v e  o f  the solavated 

e lec t ron  system. The impur i t i es  i n  the tetramer caused 

hydrogen t o  be 1 iberated. Instead o f  the so lu t i 6n  becoming PI 
permeated w i t h  t h i s  b lue co lor ,  i t  gradual ly  darkened from I 

pale  yel low t o  a  ye l lowish orange. This seemed t o  ind ica te  

an acce le ra t ion  i n  the polymer izat ion process. -As the .----- - 1, - - - 
s o l u t i o n  warmed up the r a t e  o f  l i b e r a t i o n  o f  hydrogen had ,,,' 

increased, i nd i ca t i ng  the expected temperature dependence. / 

The remaining a l i quo t  o f  the tetramer was r e d i s t i l l e d  r 
o f f  a  f r a c t i o n a t i n g  column a t  9 mm o f  mercury. The d i s t i l l a t e  

co l l ec ted  a t  89-94'~ had a  s l i g h t l y  pa le r  yel low colorati 'on. 

It wou 

prohi  b 
o f  the 

o f  the 

I d  seem tha t  the r a t e  o f  polymer izat ion o f  the tetrame-r 

i t s  storage o f  the ----- amer. - - A m u l t i - r e d i s t i l l a t i o n  

tetramer i n  a  c l  ted  system p r i o r  t o  a d d i t i o n  

a l k a l i  metal would be the  proper method o f  p u r i f i c a t i o n .  



TITLE: X-Ray Invest igat ions 

PRi  N C l  PAL INVESTIGATOR: A 1  f r e d  la jac ,  Department of  Phys i c s  

DESCRIPTION:  

The x-ray invest igat ions were pr imar i  l y  performed i n  

two d i rec t ions,  namely: 

1, Studies o f  anomalous transmission o f  x-rays through 

per fec t  c rys ta ls ,  and 

2. M u l t i p l e  anomalous transmission o f  x-rays, 

1. M u l t i p l e  Anomalous Transmission o f  X-rays 

The anomalous transmission o f  x-rays i s  the transmission 

o f  x-rays by per fec t  c r ys ta l s  which are so t h i c k  t ha t  under 

ord inary  condi t ions they would absorb the inc ident  x-ray 
beam completely. For the anomalous transmission t o  occur, 
the  beam must be inc ident  onto a per fec t  c r y s t a l  p l a t e  a t  

a Bragg angle. A system of standing waves I s  se t  up w i t h i n  

the c r y s t a l  w i t h  the nodes a t  the atomic planes. This e f fec t -  
i v e l y  diminishes the absorption, 

The phenomenon o f  mul t i p l e  d i  f f r a c t  ion occurs when more 

than one set  o f  atomic planes are simultaneously i nc l i ned  

a t  the Bragg angles t o  one inc ident  monochromatic x - ray  beam, 

The combination o f  the m u l t i p l e  d i f f r a c t i o n  and o f  the 
anomalous transmission i s  referred t o  as the m u l t i p l e  anomalous 

transmission o f  x-rays. 

Most o f  the resu l t s  have been obtained under the super- 

v i s i o n  o f  Professor A l f r e d  Zajae by Andrew Dal lsa  i n  h i s  
research work leading towards his  Bh,D, degree I n  physics. 

A techn ica l  repor t  sumar iz lwg the t heo re t i ca l  and the ex- 
perimental  FIndlngs fsl8sws, 
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The simultaneous anomalous transmission o f  x-rays has 

been invest igated i n  terms o f  the modes o f  propagation o f  

the x - r ~ y  wave f i e l d ,  corresponding t o  a specia l  set  o f  a c t i v e  

wave po in ts  on the d ispers ion surface, Qne o f  the p a r t i c u l a r  
e f f e c t s  t reated was the four  f i e l d  case i n  germanium; 0 (OOO), 

~ ( 2 2 0 ) ,  ~ ( 2 2 0 )  and ~ ( 4 0 0 ) ,  where 0 ,  H, P, Q are rec iproca l  
l a t t i c e  points,  By considering simultaneous anomalous t rans-  
miss ion as a superposi t ion o f  two f i e l d  e f fec ts ,  i.e. on ly  

two beams may couple w i t h i n  any mode o f  propagation, both  
the i n t e n s i t y  and p o l a r i z a t i o n  o f  each o f  the four  beams 

leaving the c r y s t a l  was predicted. An experimental i n -  

ves t i ga t i on  o f  t h i s  case has shown t h a t  t h i s  coupled p a i r  
concept provides an accurate descr ip t ion  o f  the simultaneous 

d i f f r a c t i o n .  

The d ispers ion surface equation f o r  a case o f  three 
non-neg l ig ib le  beams i n  the c r ys ta l ,  has been examined. It 

has been shown tha t  any coplanar m u l t i p l e  event w i l l  r e s u l t  

i n  a d ispers ion equation t ha t  can be factored i n t o  a product 
o f  two lower order  determinants, I n  the general noncoplanar 

three f i e l d  case a s i g n i f i c a n t  i nd i ca t i on  t h a t  the d ispers ion 

equation cannot be factored, has been presented. 
The d ispers ion surface f o r  a p a r t i c u l a r  noncoplanar 

three f i e l d  case: 0 (OOO), H(220) and P(202), has been 

computed. A considerable s i m i l a r i t y  t o  the we l l  known two 

f i e l d  d ispers ion surfaces i s  evident. I t  has a l so  been 

shown tha t  there  are  on ly  a c e r t a i n  number sf  wave points,  
i n  the cen t ra l  region o f  the d ispers ion surface, f o r  which 

anomalous transmission i s  possible.  These specia l  po in ts  

have been shown t o  be i den t i ca l  t o  the set  o f  wave po in ts  

for  which the modes o f  propagation have been calculated, 

Hence, t h i s  ana lys is  s f  anomalous transmission, provides a 

complete s o l u t i o n  t o  the d i f f r a c t i o n  problem, through the 

calculation o f  the  s f  the  x-ray 
wave BOeld In  t h e  crystal, 



The resu l t s  o f  these invest igat ions were presented In 
Moscow, USSR, dur ing the ln te rna t  ionaP Crystal  lographic Congress 

i n  summer, 3.966, and were published as: 

A, L, Dallsa, A. Zajac, and C. H. Ng, "Theoret ical  

Developments and Experiments on the M u l t i p l e  Anomalous i r ans -  
miss ion o f  X-Rays, Phys. Rev, 168, 859, (1968). 

Later  invest igat ions which are s t i l l  i n  progress deal 

w i t h  the inf luence o f  absorpt ion on the anomalous t rans-  
mission, Tarsaim Batra i s  working i n  t h i s  f i e l d .  

2, X-ray Invest igat ions o f  Radiat ion Damage o f  Crystals 

The change o f  the  degree o f  pe r fec t i on  o f  NaClO, c r y s t a l s  

was invest igated by means of x-rays. The c r y s t a l s  wgre 

i r rad ia ted  by var ious doses o f  gamma rays i n  the Brookhaven 
National Laboratory, 

Theoret ical  expressions were obtained f o r  the integrabed 
x - ray  i n t e n s i t i e s  o f  a per fect ,  and o f  an ideal  mosaic c r y s t a l  

( N ~ c ~ o ~ ) .  These values are  the extremes between which the 

i n t e n s i t i e s  obtained experimental ly from actua l  c r ys ta l s  
should l i e ,  

Three NaClO c rys ta l s  were used i n  the invest igat ions;  3 
one uni r radiated,  and the other  two i r r a d i a t e d  w i t h  var ious 

doses o f  gamma rays, in tegrated in tens i  t i e s  f o r  a1 1 these 

c r ys ta l s  were determined experimentally, It was found tha t  

the experimental ly measured x-ray d i f f r a c t i o n  i n t e n s i t i e s  

became progressively la rger  w i t h  la rger  doses of  gamma rays. 

This indicates t ha t  the e f f e c t  o f  a stronger dose o f  gamma 
rays i s  t o  produce a more mosaic c r ys ta l ,  

The numerical values o f  the theore t i ca l  in tegrated x- ray  

i n t e n s i t i e s  f o r  pe r fec t  and f o r  i d e a l l y  mosaic NaClO c r y s t a l s  3 
were evaluated f o r  the 002 order and f o r  ~=1,54 A, these are  

-6 
p~ 

= 2.51 x 10  and p ~ 1 . 4  x l o w 4  respect ive ly ,  m 
We then obtained the experimentai values o f  the absolute 

x-ray intensities from three NaClO, crystals: W, 1 unirrediated, 



Nos. 2 and 3 i r r a d i a t e d  w i t h  var ious dozes o f  gama rays 

( 3  x 107 and 5 x 3.0~ respect ive ly ) .  The experimental values 
-4 are: No. ,I: 4.95 x %(Im5, No. 2: 1.7 x 10 , and No. 3: 

7 

1.0 x The resu l t s  ind icate  t ha t  the degree o f  pe r fec t i on  
I 

/ 

o f  the  un i r rad ia ted  c r y s t a l  i s  somewhere between the per fec t  
/- 

/ 
and idea l  l y  mosaic c r ys ta l ,  but the gamma i r r a d i a t i o n  changesy - ,I/ .. 

i 
i t  i n t o  a mosaic c r ys ta l ,  ,, 4 

cJ 

I n  one type of  invest igat ion,  Laue x-ray photogrgphs of i j 

the NaClB, c r y s t a l s  were obtained. The uni  r rad ia ted  c r y s t a l  I I 
J 

shows small symmetric spots, and the progressively stronger ! 

i r rad ia ted  c r y s t a l s  showed larger  spots. The c r y s t a l  which .- 

received the st rongest  gamma dose s t a r t e d  t o  show streaks 

en i t s  Laue pat tern,  indicating--g-ma-tw disorder i n  i t s  
c r y s t a l  s t ruc ture .  

The x-ray r e f l e c t  ions were a l so  recorded graphical  l y e  
the  r e s u l t s  o f  one run are  included. The r a t i o s  o f  the 
in tegra ted i ntens i t y  are : 

I1/l2 = 0.538 

and 1 1 / i 3  = 0.287 
We again confirmed the f a c t  that ,  a f t e r  the heavy 

dosage o f  gamna rays, the c r ys ta l s  remain s i n g l e  but t h e i r  i 
I 

mosaic i ty  increases as the gamma i r r a d i a t i o n  becomes greater. i 
L 

The invest igators  connected w i t h  the studies o f  r a d i a t i o n  [ 
damage were, George Johnson, and Kenneth Lazara, 

PUBL I CAT IONS : 

"On The Proper Modes o f  Propagat ion o f  X-raysH E. J. 
Saccocio and A. Zajac, Acta Cryst. 18, 478 (1965). 

, '@Sirnu1 taneous D i f f r a c t i o n  o f  X-rays and the Barrmann Ef fectBo,  
E. J. Saccocio and A. Zajac, Phys, Rev. m, A255 (1965). 




